The temperature of the human skin is the resultant of two influences;--the heat brought to the skin by the blood stream and the heat loss from the skin surface. Any alteration in either one of these factors serves to produce a change in skin temperature. Therefore, under given environmental conditions, the skin temperature at a particular time and place is a measure of the change in the amount of heat brought to that point by the blood stream through an increased flow of blood, by an increased temperature of the blood, or by both. If this reasoning is correct, it may be seen that by properly controlled measurements of the skin temperatures we have a means of evaluating the character of the blood flow to the peripheral areas of the body. And, further, it may be seen that if the body as a whole is maintained at a fixect temperature, and if one isolated extremity is subjected to additional heat loss, such, for example, as that produced by a draft of cold air, the resulting changes in skin temperature may be taken as representing the change in blood distribution brought about by exposure of the isolated portion of the body to the particular draft used in the experiment.
The experiments herein described have been conducted in an effort to determine some of the effects of such localized drafts on skin and body thermal changes.
Review of the Literature. Measurements of the temperatures of the human skin have been made by research workers for many years. Some of the earliest of these observations have been ascribed to Sir Humphrey Davy in I8I4. For a rather complete and excellent summary of the subject, the reader is referred to Cobet4. While much of the work reported bears but indirectly upon the present problem, two groups of investigators-Mudd and his co-workers in the United States, and Azzi in Italy-have reported researches approaching the present studies.
Mudd and his co-workers'0 i1 determined the temperature of the skin of man in the infraclavicular fossa or on the forehead, and of the mucosa of the soft palate, faucial tonsils, oropharynx, and nasopharynx, by means of thermoelectric couples held in place by applicators of wire bent to a suitable form and fastened with adhesive tape. It is important to note that the mouth of the subject was kept open throughout the experiments by means of a mouthgag. The experimental subj ect in a constant temperature (i 8 to I90 C.) room was subjected to chilling by the removal of blankets or wraps, by the application of wet towels to the back, and by exposure to the draft from an electric fan directed to the small of the back. The last proved to be the method of greatest value in producing chilling. Mudd found that the rate and depth of respiration altered his results, and he attempted to maintain these factors constant. He concluded that the temperature of the skin, and of the oral and pharyngeal mucous membranes, fell when distant areas of the body surface were chilled.
In experiments on cats and on human beings Azzi2 determined the temperature of the tracheal and bronchial mucosa by means of a thermocouple apparatus, the cold stimulus consisting of ice applied to the body, cold water similarly applied, or drafts of cold air. In another group of studies, the cold stimulus was applied to a single member, such as the hand or foot. From his results, he concluded that the application of a cold stimulus to a local, circumscribed area of the body caused a fall in the temperature of the skin, and also a fall in the temperature of the respiratory mucosa.
Apparatus and Methods of Investigation
In the studies here summarized the changes taking place in blood distribution were determined, by the study of changes in the skin temperature, at I 5 points on the body surface. To eliminate certain difficulties inherent in the use of mercurial thermometers, the thermoelectric method was employed. This method has been practiced for some time and has been used in the classic investigations of Becquerel and Breschet, and others (see Benedict3). In the present study the cold junction was maintained at the temperature of melting ice, the junction itself being closely applied to the bulb of an accurate mercury-and-glass thermometer. The hot junction assumed three forms.
The one designed for the determination of skin temperature consisted of a supporting ring attached to a suitable wooden handle and an inner concentric floating ring carrying the thermojunction. The Second form of junction was designed for determining the temperature of the body. This junction consisted, as before, of a copper and constantan lead soldered together and embedded in dental rubber, formed to make a rectal tip which-was then vulcanized. The junction itself terminated at the side of the rectal tip near its end. The third form of thermojunction was designed for estimation of the temperature of the mucosa of the nose and throat. In this case the thermocouple wires were threaded through a glass tube and then the ends were soldered to form the junction. The wires were then retracted and fastened in place so as to leave but a small loop protruding from the end of the tube. This loop was held on the mucous membrane at the desired point.
Measurement of the electromotive force produced by the application of the thermojunction to the warm surface was accomplished by means of a galvanometer yielding deflections capable of being translated into temperatures. The accompanying diagram shows the electrical connections. Once having obtained an expression for the relationship existing between galvanometer deflection and temperature of the thermojunction, it is necessary to apply this formula to the deflection obtained from any test point in order to ascertain the temperature of the point.
The temperature observations made in the course of these experiments were:-rectal or body temperature obtained with the rectal thermocouple, the temperature of the nasal cavity taken on the anterior edge of the inferior conchal bone (left and right sides), the temperature of the throat taken in the region of each of the [palatine tonsils, and the temperature of the posterior pharyngeal wall at the level of the tip of the uvula. The skin temperature was taken at I5 points on the body surface.
In order to gain a better understanding of the changes taking place in the nasal mucous membranes the Glatzel mirror was employed. This instrument, devised by Glatzel6, and improved by Cocks', consists of a piece of ruled, nickel-plated sheet metal, 6.25 by 5 inches in size, which, after being cooled in a water-bath and dried, is held to the upper lip at the mucocutaneous border. The subject is instructed to keep his mouth tightly closed and to breathe normally and quietly through the nose. After 30 seconds the mirror is quickly removed during an inspiratory phase of respiration and the outline of the moisture deposit on the metal is drawn, using a pencil of ordinary wax. When the nasal turbinates are congested and swollen the outline of the moisture deposit on the Glatzel plate should be relatively small, while when the mucosa of the turbinate bones is not engorged, the outlines of the area should be correspondingly increased. This means has been utilized to reinforce our observations on the temperature of the nasal membranes.
Observations of the pulse, respiration and blood-pressure also were made.
In addition, observations were routinely made on the dry-bulb and wet-bulb temperature of the air of the room, the relative humidity being obtained directly from these observations by reference to the Standard Psychrometric Tables of the Weather Bureau of the United States Department of Agriculture (Marvin9) .
The determination of the rate of air movement is not a simple procedure, since most of the instruments generally used for air velocity measurements are not satisfactory for velocities of less than 2oo feet per minute. Fortunately the kata thermometer devised by Leonard Hill7 serves admirably for this purpose, and this instrument was used throughout the present studies.
The Concept of Effective Temperature It was pointed out earlier that bodies give off heat by the physical mechanisms of radiation and conduction, and to some extent by evaporation, the amount of the latter depending on whether or not the body is dry or moist. The physical properties of the atmosphere which determine its ability to remove heat are its temperature, humidity and the rate of air movement or velocity.
The effects of these properties of air on the comfort of the humarn body have been appreciated for a long time, but the quantitative aspects of the problem have been but recently disclosed, notably by Houghton and Yagloglou8. From these studies a series of curves has been developed by means of which it is possible to reduce the cooling effect of given atmospheric conditions to a common basis, namely, that of a saturated atmosphere (IOO per cent humidity) of a known temperature and without air motion. In the present study all of the environmental atmospheric conditions have been reduced to the scale of effective temperatures for nude subjects.* Method of the Experiment In view of the fact that a psychrometric chamber, in which atmospheric conditions could be maintained at will, was not available, we were forced to rely on the outdoor weather for the production of suitable indoor conditions for the experiments. The experimental room was an ordinary laboratory which, by opening the windows at night, was cooled to the desired condition. At the start of the experiment the windows were closed, the subject entered the room, disrobed, and reclined on a cot. After remaining at rest on his side for a period of from 45 to 6o minutes, the observations previously outlined were started. These observations were made in the followingy order: After the completion of this series of observations, the subject's head or feet were placed in the yoke of a wood-board partition which straddled the cot. The neck or ankles were carefully surrounded by packing so as to exclude stray air currents from the body. In this manner the exposed extremity only was subject to the draft of air produced by an electric fan. The draft was permitted to play on the extremity for a period of from 30 to 50 minutes and then the eight series of observations were repeated. At this time, however, since the body and one extremity of the subjct were exposed to dissimilar environmental conditions, temperature and kata thermometer observations were made in the vicinity of the body, and also of the isolated extremity. In this manner the effective temperature of each portion of the body was determined. Subsequent to the observations made during exposure of the isolated extremity, the draft was discontinued and after a further period of some 30 to 50 minutes, the complete series of observations was carried out again.
The foregoing was, in general, the procedure used throughout the present experiments. Some slight variations were introduced from time to time, but these do not modify the general results obtained.
Results. The studies have embraced 26 experiments on 7 different subjects, all of whom were students at Yale University. The experimental conditions varied from 77 to 4I0 E.T.* on the body, and from 58 to I80 E.T. on the exposed extremity. In one case the use of a draft was omitted. In I4 experiments the draft was directed on the head, and in i i experiments the feet of the subject were exposed.
Variations in Skin Temperature of Different Subjects.
One of the first points of interest presented by the data, was that of the similarity or difference existing between the skin temperatures of the experimental subjects. That is, do all subjects exposed to a given effective temperature have the same skin temperature for a given test point? A consideration of the data presented in Table  i at once discloses the fact that the skin temperature of the different subjects is not the same for a given effective temperature of exposure. From this it appears that every person possesses his characteristic quantitative manner of reacting to a given effective temperature. The Skin Temperature of the Various Portions of the Body. The skin temperature of the various portions of the body was found to vary within rather wide limits, the lowest temperature being that of the hands and feet. This finding was not so apparent at the higher effective temperatures, but at an effective temperature of 320 and less, the temperature of the extremities was found, as a rule, to be several degrees below that of the trunk. In an experiat the higher effective temperatures, but at an effective temperature of the feet was found to be approximately 35°, (left foot 35.3', right foot 35.00), whereas at an effective temperature of 480 the temperature of the feet averaged I 7.5.
Changes in Skin Temperature Produced on Exposure of the
Head to Draft. The exposure of the head to a lower effective temperature than that of the body resulted in a decrease in the temperature of the head as measured at the forehead and cheeks. These experiments were conducted at body effective temperatures of from 67 to 41, and head effective temperatures of from 45 to I8°. The reduction of temperature of the forehead ranged from 7.4 to 1.3 C.; that of the left cheek from 8.8 to o0 C., and that of the right cheek from io.6 to 2.5 C.* Changes in the Skin Temperature of the Feet, Produced on Exposure to Localized Draft.
The experiments in which the feet were exposed to localized draft were conducted at effective temperatures on the body of from 77 to 5i, and on the feet of from 58 to 33.5'. The fall in the temperature of the feet varied from i.i to 5
It is to be borne in mind that at the beginning of an experiment of this type in which the whole body is exposed at a low effective temperature (without draft) the feet may, even before the application of a draft, be at a temperature approximately one-half that of the remainder of the body.
*The subject reclined on his left side, the main force of the draft being directed at the back of the head and the right cheek. It was impossible to prevent the left cheek from being protected, to a certain extent, by the bed on which the subject was lying.
Effect of the Exposure of one Extremity on the Skin
Temperature of the Opposite Extremity. It seemed desirable to determine the effect on one extremity of exposure of the opposite extremity of the body. Thus, in 9 experiments in which the feet were exposed to a draft, the forehead temperature fell in 6 cases, the temperature of the left cheek fell in 4, and the temperature of the right cheek fell in 6.
In I3 experiments in which the head was exposed to a draft the temperature of the skin of the left foot fell in i i experiments, 3 observations indicated an increased temperature, and in one there was no change.
It seems fair to conclude that the exposure of the head to a draft produces a reduction in the temperature of the feet in practically all cases; whereas the draft on the feet is not accompanied by such a consistent reduction in the temperature of the skin of the head.
Recovery of Skin Temperatures Following Exposure to Draft.
Examination of the data with reference to the time required for an exposed member to regain its initial temperature, yields some interesting findings. In 24 experiments with the draft either on the head or on the feet, the final temperature of the feet, i. e., at the end of the period of observation, was lower than the initial temperature in all but one case. (In this exceptional case the increase in temperature of the left foot was less than O.I C., while that of the right foot was less than o.40C.) Contrast this with the return of heat to the face following draft on this extremity. In this case, ot 42 observations in I4 experiments the final temperature was equal to, or greater than, the initial in 21 observations, and less in I 8.
It would appear that a draft on the head serves to initiate a rather rapid reaction, as evidenced by a return to the initial temperature far more readily than does a draft on the feet. and not in a warming of the environment, the body has recourse to such metabolic processes as will increase its temperature. In 13 of I9-experiments there was a fall of body temperature during the "draft-on" period, the maximum fall being 0.91 , the average change being 0.I3, an exceedingly small decrease. It seems highly probable that the reduction in blood flow to the extremities under these conditions may aid in the conservation of body heat.
Changes in the Swelling, Redness and Moisture of the MucBus Membrane of the Nose and Throat. Observations of the nose and throat showed an increased breathing space in one-half the experiments, a decrease in redness in from 50 to 72 per cent of the observations (depending upon the effective temperatures of exposure), and a decreased secretion in 45 to 50 per cent of the observations (depending upon the effective temperatures of exposure). An increased swelling was observed in from 12 to 28 per cent; of redness in from 6 to 23 per cent; and of moisture in from I0 to 17 per cent of the observations.
In general, then, we should conclude that the effective application of drafts serves to decrease the temperature, swelling, redness, and moisture of the mucous membranes of the nose and throat.
Summary and Conclusions. In this series of studies in which nude human subjects were exposed to the application of drafts on the head and feet, temperature observations of the skin of the body and of the mucous membranes of the nose and throat were made by means of a thermoelectric system. Body temperature was obtained in a similar manner. The environmental conditions were studied and the cooling power expressed on a basis of effective temperatures.
In all, 26 experiments were performed on 7 subjects with drafts of air being played directly on the feet or head, while the remainder of the body was shielded from the draft by means of a suitable screen. From these experiments we may conclude that the skin temperature of a human being under anv set of conditions is characteristic of that person and varies with the effective temperatures at which the body is exposed. At high effective temperatures the skin of the body tends to possess a uniform temperature, while at lower effective temperatures the temperature of the skin of the extremities falls below that of the remainder of the body.
The exposure of an extremity of the body, either the head or the feet, served to produce a lowering of the temperature of that extremity. The exposure of the feet to a draft produced a fall of temperature of the head in approximately 65 per cent of our experiments, while the exposure of the head to a draft caused a fall in the temperature of the skin of the feet in 85 per cent of our experiments. The exposure of the feet to a draft appears, after cessation of the draft, to be characterized by a slow return of temperature to the head and to the feet, whereas the exposure of the head to draft is characterized by a slow return of temperature to the feet and a rapid return of temperature to the head.
The temperature of the nasal mucosa was found to be decreased in 75 to 8o per cent of our experiments on the exposure of the subject to a draft, whereas the temperature of the palatine tonsils was found to decrease in 6o per cent of the experiments.
Glatzel mirror studies indicate that the breathing space of the nose was increased in from 50 to 64 per cent of our experiments. These findings confirm those of the New York State Commission on Ventilation.
It is rather difficult to reduce the temperature of the human body by exposure to cold to the extent practiced in our experiments. The average change of temperature being a fall of O.I3 on exposure to a draft. These findings agree with those of Mudd and his coworkers.
The temperature studies of the nose and throat, as well as observations on the size of the nasal breathing space, the Glatzel mirror records, and the color of the mucous membranes all agree in indicating the production of a shrunken, pale mucosa of a lower temperature than that existing before the application of the localized draft.
Our experiments have not shown changes in respiration of bloodpressure from which we desire to draw conclusions. 
